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ABSTRACT
-/ A digitally controlled thermally stimulated depolarization current
,)-eﬁym;y facility is described and measurements on poly(ethylene oxide) (PEO)
and PEO complexed with KSCN are reported, Thé results complement and
extend previous electrical relarxation studies on these materials. In )
particular, in PEO the presence of a relaxation previously labelé;/;; ié ‘
confirmed. The relaxation is assigned to defects in the crystalline phase.
In addition, théjyﬂ;élaxation region is shown to consist of at least two
relaxations. Further, a high temperiture family of peaks is obtained which
are associated with space charge. For KSCN-complexed PEO three low
temperature relaxations are observed in the Y relaxation region. The
relationship between these relaxatiors and previously reported dielectric
relaxation results is established anc possible origins of the relaxations
are discussed. Finally, differential scanning calorimetry studies TD867£3~,~.
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I. TINTRODUCTION

I'J

Relaxation phenomena in poly(ethylene oxide) (PEQ) have been

s
r J‘

£r

extensively studied. The early literature has been reviewed by McCrum et

-‘:

‘-
oy

0

al.1 Of continuing interest is the fact that the a relaxation was
observed mechanically but not electr'ically.2 A subsequent report of the

3

observation dielectrically of a by Arisawa et al.~” has been disputed by
Porter and Boyd.u The difficulty is that PEO is conductive in the
relatively high temperature region where a is expected to be found at
audio frequencies. One approach would be to lower the frequency and hence
lower the temperature of the relaxation to where the effects of the DC
conductivity are minimized. Unfortunately, ultra low frequency AC
measurements are difficult to perform at the level required to study
relaxation phemomena in polymers. Fortunately, there are alternative,
essentially equivalent techniques.

One such technique is thermally stimulated depolarization currents
(TSDC). A recent, brief summary including references to reviews on the

subject has been given by Gourari et a1.5

As TSDC utilizes DC voltages,
there is no contribution from the mobile charges for blocking electrodes.
HoweQer, there may be space charge peaks from the mobile charges trapped at
the eclectrodes by the DC bias. Consequently, the combination of these
effects makes some relaxations more readily observed via TSDC than by DR.

A second advantage of TSDC is the possibility of using "peak cleaning"

techniques whereby closely spaced relaxations can be separately observed,

In the present paper, the authors' implementation of TSDC is described

along with some results for PEO and PEO complexed with KSCN, These results
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appear to represent the first TSDC studies of PEO. In addition,
ooy differential scanning calorimetry (DSC) studies are reported for the

-, purpose of materials characterization.

II. EXPERIMENT

=

E;i The samples were prepared by dissolving PEO (Polysciences, MW

~, 5x106) in methanol at about 60°C. 1In the case of the complexed materials,
-;ﬁ: the salts were added in the correct proportions and dissolved

;1{2 simultancously. The resulting solutions were poured onto a teflon plate
4’;? and allowed to dry in air. After completing the drying under vacuum at

60°C for 24 hours, aluminum electrodes were evaporated onto the resulting

films. These films were then cut to form disks about 8 mm in diameter and

0.7 mm thick. While one electrode covered the full surface, the other
elcectrode was only about 7 mm in diameter.

The TSDC sample chamber was constructed oy Dr. G. E. Matthews, Jr.
) of Wake Forest University and is the chamber used to (btain previously
g reported results.6 The chamber consists of a partially hollowed out copper
cylinder surrounded by a heating coil, inside an airtight chamber. A
" spring loaded brass elcctrode presses the sample and the other electrode

down onto the copper cylinder. A sapphire disk insulates the lower

¢lectrode from the copper. This arrangement guarantees good thermal
-t contact and eleectrical insulation.

The temperature control was achieved using digital techniques. The

o sample temperature was derived from a copper-constantan thermocouple,

buried in the copper cylinder 6mm from the sample, in conjunction with a
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liquid nitrogen temperature reference junction. The thermocouple voltage
was measured with a Keithley Model 195 digital multimeter and fed into an
Apple Ile computer every 0.7 second. After comparing this to a desired
thermocouple voltage (for the particular time) by subtraction, the
resuiting number was converted into a heating éignal by a discrete time
proportional - integral - differential control algorithm implemented on the
computer. The heating coil was powered by a computer controlled power
supply constructed by one of the authors (JPC). This temperature control
system was generally used to generate a linear heating rate of 6K/min, but
other programs such as "reciprocal" heating schemes were easily
implemented. The control was generally to within 0.025K from 80K to 300K.

In a typical run the sample chamber was evacuated for 30 minutes
after a sample had been loaded to eliminate surface water. The chamber was
then filled with helium at about 0.5 psi and maintained there for the
duration of the experiment. After polarizing the sample at a selected
temperature and voltage for a suitable time (usually 300-%00V, 10 min.) ,
the assembly was cooled with liquid nitrogen or helium to the starting
temperature of the heating program. At this point the polarizing voltage
was removed and an Applied Physics Corporation Model 30 vibrating reed
electrometer was connected accross the sample. Once electrometer drift had
subsided (about 5 min.), the heating program was begun and data was
recorded on a Varian G-2000 chart recorder.

In several cases a peak cleaning technique had to be used to
isolate a particular peak. While this is not generally appropriate for
processes with a distribution of relaxation parameters, it was done as a

compromise to allow a reasonably simple data analysis. Care was taken to
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ensure that the temperature of maximum current and the curve symmetry were
preserved.

The DSC studies were carried out using a DuPont 990 Differential
Scanning Calorimeter which is interfaced with an Apple Ile computer. Data
are transferred to the microcomputer via an Apélied Engineering 12 bit A/D

converter,
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ITI. DATA ANALYSIS

A Gaussian-broadened TSDC equation was fitted to the data. The

equation used was developed as follows. First, the monoenergetic TSDC

7
equation for the current density, J(T.E), was taken to be:

! ]

Po E 1 E
J(T,E) = — exp ————Jexp - — }dT' (1)
T kT BTo kT!

o) To
where P, is the dipole moment per unit volume
and B is the heating rate. T, 1s the so-called reciprocal frequency
factor (preexponential) and E is the activation enthalpy in the Arrhenius
expression for the relaxation time which is assumed. T0 is the starting

temperature of the data run and the integral was calculated using Squire's

approximation where x = E/kT':8

T T'=T
E T'exp(-x)(x+3.0396)
Iexp <— ———->dT' = . (2)
T

(x2+5.0364x+4.1916)

T'=T
(o}

Next, the monoenergetic equation was modified to include the effects of

distributed parameters by assuming a distribution function in E:
dJ = f(E)J(T,E)dE (3)

and defining the distribution function to be a Gaussian:
(E-€,)°
f(E) = exp -5 (4)
20
where Eo is the mean activation energy of the reorientation.

Finally, the limits of integration were set at 0 and 3Eo so that the




working equation becomes:

3Eo
M =ff(E)J(T.E)dE : (5)

0
These integrations were performed using 3000 values of £ from 0 to 3Eo.

The fitting was done by manual adjustment of Eo’ Tyr O and a peak
height factor in an interactive process via a graphics terminal.
Initially, a reasonable T, Was chosen from DR meaSur‘ements.5 and o and Eo
were chosen to produce a good match in the lower temperature part of the
curve. Subsequently, adjustments were made in all four parameters to
achieve a good fit. Typically 15 to 20 iterations were required.
The "best fit" criterion was visual rather than mathematical. The reason
for this was that this procedure was the most efficient and accurate way of
excluding the spurious contributions from space charge or peak-cleaning
residuals which were always present. The presence of the spurious
contributions and the "goodness" of the fits will be obvious from the

appropriate plots (figs. 2, 6, 7).
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IV, DISCUSSICN
A. PEO

A typical data run for PED is shown in Fig. 1. In addition to the
dominant features labeled Y and ac, there is a shoulder on the low
temperature side of the Y relaxation at the pésition tentatively labeled
YZ' The Y2 relaxation will be discussed further in the following
section. In order to obtain quantitative information on a, the lower
temperature peaks were "burned away." The resulting data and best fit to
Eq. (5) are shown in Fig. 2. The activation parameters obtained from the
best fit are listed in Table I.

The relaxation labeled a, in the present work corresponds to the
relaxation labeled a, in previous DR studie39 for the following reason.
The relaxation parameters for a, from Table 1 predict that a DR peak
measured at 100 Hz would be observed at about 258K and that is very close
to the position of the peak labeled @, in Fig. 1d of Ref. 2.

Also listed in Table I are the activation parameters for a peak 1n
PEO6.5:Ba(SCN)2:3HBO which was tentatively identified as ac.1o
a, Wwas observable in that material because the conductivity in the
vicinity of room temperature wa2s very low. The agreement is excellent
sonsidering that peak cleaning will decrease some of the lower energy
components of the distribution that makes up oL The end result will be
not only to reducs the apparent width of the distribution of activation
energles but also Lo shift the apparent mean activation energy to higher
values. Apparently, these effects were very small in the present

application of the tochnique.

The question of the identification of this relaxation remains. In
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b previous papers, the authors tentatively associated the relaxation
S with the mechanical a relaxation discussed by Mcelrum et al.] However, the
;§3¥ present analysis shows that the peak positions are significantly lower than
f?}f those of the mechanical a relaxation which occurs at 263-273K for

NS 0.5 Hz.2 This has recently been confirmed by Kalf‘oglou11 who reports a
LORS

e mechanical a relaxation at 303K rfor 110 Hz, Further, the usual

AN
RN interpretations of a as due to "the motion at the surface of the

- crystallites"12 or "a crystal-disordering mechanism"u do not seem to be
‘2)1 consistent with a relaxation which occurs at a temperature as low as 170K,
ﬁ}? as is the case for o, in the present work. Since, as is confirmed below,
.L; the glass transition occurs at about 210K, the a, relaxation is

§;=' independent of whether the amorphous phase is a glass or a rubber.

- Consequently, the former mechanism is unlikely though it would remain a

possibility if the surface motion were independent of the state of the

;:f amorphous phase. The latter mechanism is almost certainly ruled out as
{:f crystal-disordering is unlikely to extend to such low temperatures.

} However, the independence of the glass transition strongly suggests that
_ﬁﬁl the relaxation is, indeed, associated with the crystalline phase.

ﬂ?? Specifically, the relaxation may be attributable to defects within the
o crystallites. The defects may be due to impurities, for example.

:f{; That the middle peak in Fig. 1 is the Y relaxation is confirmed by
;}: using the DR parameters in Table I for PEO10 to predict the position of
;" the TSDC peak which is approximately equivalent to a 1.8 mHz DR peak. The
e predicted peak position is about 110K which is in good agreement with the
.'_\.

o results shown in Fig. 1.

{: Finally, some data for higher temperature phenomena are shown in
L J
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Fig. 3. A family of peaks is shown which increase in both peak position
and intensity as the polarization temperature increases. Such peaks were
only noted for polarization temperatures above the glass transition and
thus are attributed to space charge. In this case the space charge is
thought to be composed of charges within the sample which become mobile
above the glass transition temperature.

In order to confirm the quoted glass transition temperature, DSC
studies were carried out and are shown in Fig. 4. A weak glass transition
is observed at about 210K which is in good agreement with the literature.
Fig. 84 also shows that the material melts at about 60°cC.

B. PE :KSCN

O4.5

A typical data run for PEO :KSCN is shown in Fig. 5. Three

4.5
distinct features are seen. The complexity of this relaxation region has
veen reported previously in DR work on this material.9 In contrast to the
situation for DR, quantitative results were obtained for two of the three
fratures as peak oleaning techniques were used to isolate Y1 and Y3.
The data and hest fit curve for the lowest temperature peak, Y1,
are shown in Fig. 6 and tne activation parameters are also listed in Table
I. In this case higner temperature relaxations were removed via selective
polarization and thus the actual activation enthalpy will be slightly
higher than the value listed in Table [, Also, the actual width will be
slightly greater. The activation parameters predict that a 100 Hz DR peak

should occur at about 104K and thus, as is obvious from Fig. 4c of Ref. 9,

Y1 corresponds to the lowest temperature relaxation observed

dielectrioallyg in the Y relaxation region for PEO complexed with KSCN.




-~ - Y Ay
T PP T T P ——mw ., R it A=A A At e AR RO R Atk

Next, the data a1 st it ~urve for the highest temperature peak,

Y are shown in Fig. | it ‘e otivation parameters are listed in Table

30
I. 1In this case, the peak cleaning eliminated the lower temperature
relaxations and thus the actua! activation energy will be slightly lower
and the width slightiy greater than the values listed in Table 1. The
activation parameters predict that a 100 Hz DR peak should be observed at
about 211K. That temperature is significantly higher than the position of
the highest temperature peak observed dielectrically in the Y relaxation
region for PEO complexed with KSCN9 and thus the two peaks probably do not
correspond. However, there is residual loss at 100 Hz in the vicinity of

211K for the DR data and it is suggested that Y_,is responsible for that

33
loss even though the associated DR peak is not distinguishable.

Finally, quantitative results have not been obtained for Y2 because
both the high and low temperature sides of the peak require cleaning.

Since no part of the relaxation would have been preserved in its entirety,

it was decided not to carry out the procedure. However, even though

quantitative results have not been obtained, it is clear that Y2

corresponds to the middle peak observed dielectrically9 in the Y
relaxation region for PEO complexed with KSCN. It may also be that this
peak corresponds to the weak shoulder tentatively labeled Y2 for

uncomplexed PEO. Further work concerning this point is also necessary.

The greater complexity of the relaxation spectrum for PEO complexed

with KSCN compared to that for PEO is attributed to distortions in the
polymer chains due to the lons. In the DR paper,g the authors discussed
the origin of those relaxations in terms of the structural model where the

ions were thought to reside within a helical t,unnel.w—16 More recently,

g;;: 12
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Hibma has suggested that the ions actually reside outside the chains. In
either case, however, severe distortions in the polymer chains exist and
thus the origin of the complex relaxation spectrum can be understood since
significant modification of potential wells of the responsible polar groups
is expected. These comments hold whether the responsible polar groups are
segments of the chain18 or chain end hydroxyl groups.1?

Attempts were made to study the high temperature relaxation region
in PEO complexed with KSCN. As expected, extremely large currents were
observed. However, as the results were not reproducible, they are not
included in the present paper.

Finally, DSC data for K3CN complexed PEO is shown in Fig. 4 both for
as-prepared material and for the polymer after quench from 2OOOC. It is
clear that there is very little resemblance between the traces for
PEQu.S:KSCN and that for PEO. In the as-prepared complexed material the
dominant feature is a high temperature melting at about 80°C which is
attributed to melting of the crystalline complexed phase. There is no
evidence of the 60°¢C melting of pure crystalline PEO in the complexed
mzterial. There are small endothermic events at about 1500C and 180°C
which are due to trace amounts of salt, The quenched material exhibits a
glass transition at about -10°C with an exothermic recrystallization of the
complexed crystalline phase followed by its melting again at 80°%c. It is
interesting that the recrystallization of the KSCN complexed PEO occurs at
aboul the melting point of PEO. While this could indicate a strong

irnteraction between PEO and KSCN, it may be that the result is fortuitous.

The small features at 150°C and 180°C are also observed.
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V. SUMMARY

In summary, then, a digitally controlled TSDC facility is described
and data are presented for PEO and PEO complexed with KSCN. For the PEO,
the existence of a previously reported relaxation is confirmed and the
relaxation is attributed to defects in the crystalline phase. Two |
relaxations are found in the Y relaxation region. In addition, space
charge relaxations are reported. For the complexed material, three
relaxations are observed and the relationship between these relaxations and
previously reported DR results is established and possible origins of the

relaxations are discussed. Finally, DSC studies are reported for all of

the materials.

ACKNOWLEDGMENTS

This work was supported in part by the Office of Naval Research.

.._‘
»
.
s
e’
]

\ e e
. N

JLle

]

MAR A I A o aa
'
.

IPRARINR RN
A
.‘.‘b.-..

=

e P LT L I N S LI T SO Rt 5 TR
s ('. AT NI ..’-1:' -I;;‘j.- .nu:‘}:.‘-' \:\'*:‘.7._\.:1“ lﬂ

-
o at et e * N
P WL WL, R TP L. . PR, W




-y

T, Ny Wy Y

AAg Ay

b rhr

Y
L) l.’

A A
Yl

bl

e
.

F]
e

N
. i

H
» "‘

1

& o
. I'IIL'

"-':'.‘- .
s Yo At N N
PR R R

o
@
e

i AL M S B St St B B S0 I S Rt S el s A
.

REFERENCES

1. N. G. McCrum, B, E. Rea., and G. Williams, Anelastic and Dielectric

Effects in Polymeric Solids, (John Wiley & Sons, New York, 1967).

2. T. M. Connor, B. E. Read and G. Williams, J. Appl. Chem. 14, 74 (1964).
3. K. Arisawa, K. Tsuge and Y. Wada, Jap. J. of Appl. Phys. 4, 138 (1965).
4. C. H. Porter and R. H. Boyd, Macromolecules 4, 589 (1971).

5. A. Gourari, M. Bendaoud, C. Lacabanne, and R. F. Boyer, J. Poly. Sci.:
Poly. Phys. 23, 889 (1985).

6. C. Andeen, G. E. Matthews, Jr., M. K. Smith, and J. Fontanella, Phys.
Rev., B19, 5293 (1979).

7. C. Bucci and R. Fieschi, Phys. Rev. Letters, 12, 16 (1964).

8. R. Squire, J. Comp. Phys., 6, 371 (1970).

9. J. J. Fontanella, M. C. Wintersgill, J. P, Calame, and C., G. Andeen,
Solid State Ionics, 8, 333 (1983),

0. J. J. Fontanella, M. C. Wintersgill, J. P. Calame, and C. G. Andeen,
J. Polymer Sci.: Polymer Phys., 23, 113 (1985).

1. N. K. Kalfoglou, J. Poly. Sci.: Poly. Phys. 20, 1259 (1982).

12, P. Hedvig, Dielectric Spectroscopy of Polymers, (Adam Hilger Ltd.,

Bristol, 1977).
3. J. A, Faucher, J. V. Koleske, E. R. Santee, Jr., J. J. Stratta, and C.
W. Wilson, III, J. Appl. Phys. 37, 3962 (1966).

14, M, B. Armand, J. M. Chabagno and M. J. Duclot, in Fast Ion Transport

in Solids, J. N. Mundy and G. K. Shenoy, Eds., Pergamon Press, New York,

1979, ». 131,

i, D. F. Shriver, B, L. Papke, M. A. Ratner, R. Dupon, T. Wong, and M.




AR - i aiad Sk antts i ik AN sttt i~ mliir i < st ate A I i o o

Brodwin, Solid State Ionics 5, 83 (1981).

16. J. M. Parker, P. V, Wright, and C. C. Lee, Polymer 22, 1305 (1981).

17. T. Hibma, Solid State Ionics 9&10, 1101 (1983).

18. K. Se, K. Adachi, and T. Kotaka, Polymer Journal 11, 1009 (1931).




TABLE I. Activation parameters for the relaxations observed in "pure" PEO
and PEO complexed with various salts.

Relaxation Material T0(10-14s) E(eV) o(eV)
o, PEO 41 0.49 0.023
a a
(a,) PEO -Ba(SCN),:3H,0 36 0.48
\$ PEO, £:KSCN 0.6 0.235 0.039
Y PEO 6.02 0,332
Y5 PEO, 5:KSCN 20 0.415 0.025
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Figure 1.

temperature was 163K and the applied potential was 300 V for 10 minutes.

The sweep rate was 6.13 K/min.

Figure 2.

relaxation in PEOQ.

potential was 300 V for 10 minutes.

Figre 3.
10 minutes in all cases. The
temperatures are indicated on
Figure 4. DSC traces for PEC
before (solid line) and after
The inset

rate was 10 K/min.

by a factor of 5.

Figure 5.

133.2K and the applied potential was 300 V for 10 minutes.

was 6 K/min.

Figure 6.

relaxation in PEO :KSCN.

4.5
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Low temperature TSDC spectrum for PEO.

Data after peak-cleaning and best fit curve for the a,

The polarization temperature was 163K and the applied

High temperature TSDC spectrum for PEOQ.

TSDC spectrum for PEOu 5:KSCN.

Data after peak-cleaning and best-fit curve for the Y

The polarization temperature was 78K and the

FIGURE CAPTIONS

The polarizaticn

The sweep rate was 6K/min.

300 V were applied for
sweep rate was 6.13 K/min. The polarization

the drawing.

(chain 1link line) and PEO complexed with KSCN
(dashed line) quench from 200°C. The sweep

shows the PEO data with the ordinate expanded

The polarization temperature was

The sweep rate

1
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- applied potential was 400 V for 8 minutes. The sweep rate was 6 K/min.

Figure 7. Data after peak-cleaning and best-fit curve for the Y

3

relaxation in PEQ :KSCN. The polarization temperature was 133K and the

4.5

applied potential was 300 V for 10 minutes. The sweep rate was 6 K/min.

19

P . . I S T R N I YL PR U L Y
. . - R e R L T S D G L LRI S P S P e e e e !
ORI O AN ) A AT AP ST N ARG AL M AL 0L AP BT A XS Y,




gl hon A BECARS Ran fete it Ale MAa Ate. And- ARt dutadbiac A BB AR St S “ubde Y e st ~aaey Jhde ShAn W Tnep i S SAn - Re ey fudn “Sanciie’ S b SR I i ate At i b Al U b

0.2 1

Current (Arbitrary Units)

75 105 135 165 195 225
T(K)

. .. e “qrtmn . IRy
BT iy ECAID T RVSE SR BRTRE Sy .
L ;u“-ni h\,)_, RO ‘:3 RREHENCS --n_s'n oY Ls‘:‘.{a.'{ 1. "o is




oW T
..

FARHRETRRLVEIVER Y

-
.
/
D
.
.
.
e
.
.

3
|
|
hes 7YV
220 250

4
%,
190

160

130

© Tp M To) o

L
N~ < —
(syun Aupayiqly) juaain)

w
100

O S un g e Sndh Hadl By
-




ToTTr Ty a e~

R G B Al

ML Ara Rt Aral s

T

C S M’ S ah - S0~ Shuih-mt SE= i g

LS S 2

il S Al

o
— 0
N
A 4
o o
r 3 v6
N N
1 X
®)
# m 3
N
)
4 « <
o of
~— - ON
QY N
®)
L O
N
®)
v v v — (Ve
- M < - o O~

_
((syun "quy) uco._‘“zovop_moa




T TR TR TS e W W W

S A M S L it T LA A Ay Y - i ~ A

auertrn R Bl Sihd i
v .

1 0.55

60 130 200

~10
T(°C)

-80

R
o

WwJsyjopuy —

150

- -
»t e e

g N
~ DL A
}hLJ.

I I T
[P PN WL YR W PSP TR Y

.
-

n._‘ v
N

. .'-‘.\'_ . .




Ba i Sl i a4

-

108 132 156

84

T

"
D)

180

T(K)

60

\7

Fo

Y
3 ".“-. \ .’;\‘\\".

o Wt

3
23S

I

- \'

AL
L ¥

C

)(:

e e
AT

-
TR
.,

RV TR
.'\"‘“

47

.F\ el

P N
Mol

s
'..-‘.' Co

LA

®



- u

p S LAY

Sa

T
A Lo

]
W o v
— u o

h A ..M.

b N v

, .
4 hJ

)

,

4]

f. -

3

b

- e e T RN T TN TR

1
2 (®) ......
M < 00 N (e o v

3 . .

e, - --»
o N «— — O »

' L I
5 o,
% A
d -.r.

. |‘A
h, X

-
o 2!
... o=

..

,._ . - et PR N T S T U R I I L, - -I‘vs

y PP SENENCIRNUIS] —~ N KRt  JSACUEIRELE SY REDEAEREGE  AEACATSERTIN T g vl b ol e S
ﬁ.-\- (] S \.-\- .\-vg ............. \l r,:... N -.. uha.n ............ ‘ = ... .. ........ 1 1940 (N ... .............. . 4-\ ! - ﬂ-..- --- ' SRy



Clant ittt I et Pt Bt “ aat 2 Sas Sedue Sangt JoSui iy o ek B R R T “« v A i S Sl - . o A A Rl “ B » DO ARt ) e Sl 4

Current (Arbitrary Units)

L v v — —

0 ~
110 123 136 149 162 175
T(K)

...................
....................

) NIV .2




......

» “als
S s

- Attn:

DL/413/83/01
GEN/413-2

TECHNICAL REPORT DISTRIBUTION LIST, GEN

0ffice of Naval Research
Attn: Code 413

800 N. Quincy Street
Arlington, Virginia 22217

Dr. Bernard Douda

Maval Weapons Support Center
Code 5042

Crane, Indiana 47522

Commander, Naval Air Systems
Command

Attn: Code 310C (H. Rosenwasser)

Washington, D.C. 20360

Naval Civil Engineering Laboratory
Attn: Dr. R, W, Drisko
Port Hueneme, California 93401

Defense Technical Information Center

Building 5, Cameron Station
Alexandria, Virginia 22314

DTNSRDC

Dr. G. Bosmajian
Applied Chemistry Division
Anncpolis, Maryland 21401

Dr. William Tolles
Superintendent

Chemistry Division, Code 6100
Naval Research Laboratory
Washington, D.C. 20375

..............

No.
Copies

2

12

TR NN Py 1% WV

No.

Copies

Or. David Young

Code 334

NORDA

NSTL, Mississippi 39529

Naval Weapons Center

Attn: Or. A. B. Amster
Chemistry Division

China Lake, California 93555

Scientific Advisor

Commandant of the Marine Corps
Code RD-1
Washington, 0.C. 20380

U.S. Army Research Office

Attn: CRD-AA-IP

P.0. Box 12211

Research Triangle Park, NC 27709

Mr. John Boyle

Materials Branch

Naval Ship Engineering Center
Philadelphia, Pennsylvania 19112

Naval Ocean Systems Center
Attn: Dr. S. Yamamoto
Marine Sciences Division

San Diego, California 91232

ALty %L s, = o+ e 0w
- e
-------

YR
EAAC

‘s

~

.......




B T T T o o S — B P P P P Y
-.-‘I
Y.

e ' N 4
A
[ S R R

o DL/413/83/01
) 359/413-2
s ABSTRACTS DISTRIBUTION LIST, 359/627

'?«'\

Dr. Paul Delahay
Department of Chemistry
New York University

New York, New York 10003

Dr. P. J. Hendra
Department of Chemistry
University of Southampton
Southampton S09 5NH
United Kingdom

Dr. T. Katan
Lockheed Missiles and
Space Co., Inc.
P.0. Box 504
Sunnyvale, California 94088

Or. D. N. Bennion

Department of Chemical Engineering
Brigham Young University

Provo, Utah 84602

Mr. Joseph McCartney

Code 7121

Naval Ocean Systems Center
San Diego, California 92152

Dr. J. J. Auborn
Bell Laboratories
Murray Hill, New Jersey 07974

Dr. Joseph Singer, Code 302-1
NASA-Lewis

21000 Brookpark Road
Cleveland, Ohio 44135

Dr. P. P. Schmidt
Department of Chemistry
Oakland University
Rochester, Michigan 48063

Dr. H. Richtol

Chemistry Department

Rensselaer Polytechnic Institute
Troy, New York 12181

Or. R. A, Marcus

Department of Chemistry

California Institute of Technology
Pasadena, California 91125

Dr. E. Yeager

Department of Chemistry

Case Western Reserve University
Cleveland, Ohio 44106

Dr. C. E. Mueller

The Electrochemistry Branch
Naval Surface Weapons Center
White Oak Laboratory

Silver Spring, Maryland 20910

Or. Sam Perone
Chemistry & Materials
Science Department
Lawrence Livermore National Laboratory
Livermore, California 94550

Dr. Royce W. Murray

Department of Chemistry

University of North Carolina
Chapel Hill, North Carolina 27514

Or. B. Brummer

EIC Incorporated

111 Downey Street

Norwood, Massachusetts 02062

Dr. Adam Heller
Bell Laboratories
Murray Hill, New Jersey 07974

Electrochimica Corporation

Attn: Technical Library

2485 Charleston Road

Mountain View, California 94040

Library
Duracell, Inc.
Burlington, Massachusetts 01803

Or. A. B, Ellis

Chemistry Department
University of Wisconsin
Madison, Wisconsin 53706

Or. Manfred Breiter

Institut fur Technische Elektrochemie
Technischen Universitat Wien

9 Getreidemarkt, 1160Wien

AUSTRIA

L v'-

T T T P s
LA R S A A N T APV A T T T TP AL T LT T A T A T
W S R e o P R R T A O T PR A A T N Tala e atun e e f&




00 s AN S
LA .'.“l,'..l'
el T

MR Fr bl it

R PR
v 5 e e s

PR PN
L «tale s e s

2 .

LR AU T )

N S et
et

r
N

- -
MRS

e

- I
oSS
elatata
R I A I |
ER IR

5
¢
"' l"‘

D)
s

A 'i."i

-y YW

»
“"
e
()

- e Cht ]
4 ...“'. R -_ [N

0L/413/83/01
359/413-2

ABSTRACTS DISTRIBUTION LIST, 359/627

Dr. David Aikens

Chemistry Department

Rensselaer Polytechnic Institute
Troy, New York 12181

Dr. A. B. P, Lever
Chemistry Department

York University

Downsview, Ontario M3J1P3

Dr. Stanislaw Szpak

Naval Ocean Systems Center
Code 6343, Bayside

San Diego, California 95152

Dr. Gregory Farrington

Department of Materials Science
and Engineering

University of Pennsylvania

Philadelphia, Pennsylvania 19104

M. L. Robertson
Manager, Electrochemical

and Power Sources Division
Naval Weapons Support Center
Crane, Indiana 47522

Or. T. Marks

Department of Chemistry
Northwestern University
Evanston, [11inois 60201

Dr. Micha Tomkiewicz
Department of Physics
Brooklyn College
Brooklyn, New York 11210

Dr. Lesser Blum

Department of Physics
University of Puerto Rico

Rio Piedras, Puerto Rico 00931

Dr. Joseph Gordon, II

18M Corporation

K33/281

5600 Cottle Road

San Jose, Californfa 95193

Dr. Hector D. Abruna
Department of Chemistry
Cornell University
Ithaca, New York 14853

Dr. D. H. Whitmore

Department of Materials Science
Northwestern University
Evanston, I1linois 60201

Dr. Alan Bewick

Department of Chemistry

The University of Southampton
Southampton, S09 5NH ENGLAND

Dr. E. Anderson

NAVSEA-56Z33 NC #4

2541 Jefferson Davis Highway
Arlington, Virginia 20362

Or. Bruce Dunn

Department of Engineering &
Applied Science

University of California

Los Angeles, California 90024

Dr. Elton Cairns

Energy & Environment Division
Lawrence Berkeley Laboratory
University of California
Berkeley, California 94720

Dr. D. Cipris

Allied Corporation

P.0. Box 3000R

Morristown, New Jersey 07960

Dr. M. Philpott
IBM Corporation
5600 Cottle Road
San Jose, California 95193

Or. Donald Sandstrom
Boeing Aerospace Co.

P.0. Box 3999

Seattle, Washington 98124

Dr. Carl Kannewurf

Department of Electrical Engineering
and Computer Science

Northwestern University

Evanston, 111inois 60201

Dr. Richard Pollard

Department of Chemical Engineering
University of Houston

4800 Calhoun Blvd.

Houston, Texas 77004




OL/413/83/01
359/413-2

ABSTRACTS DISTRIBUTION LIST, 359/627

Or. M. Wrighton
Chemistry Department
Massachusetts Institute
of Technology
Cambridge, Massachusetts 02139

Dr. B. Stanley Pons
Department of Chemistry
University of Utah

Salt Lake City, Utah 84112

Donald E. Mains

Naval Weapons Support Center
Electrochemical Power Sources Division
Crane, Indiana 47522

S. Ruby

DOE (STOR)

M.S. 6B025 Forrestal Bldg.
Washington, D.C. 20595

Dr. A. J. Bard
Department of Chemistry
University of Texas
Austin, Texas 78712

Dr. Janet Osteryoung
Department of Chemistry
State University of New York
Buffalo, New York 14214

Dr. Donald W. Ernst

Naval Surface Weapons Center
Code R-33

White Qak Laboratory

Silver Spring, Maryland 20910

Mr. James R. Moden

Naval Underwater Systems Center
Code 3632

Newport, Rhode Island 02840

Dr. Bernard Spielvogel

U.S. Army Research Office

P.0. Box 12211

Research Triangle Park, NC 27709

Dr. Aaron Fletcher

Naval Weapons Center

Code 3852

China Lake, California 93555

Dr. M. M. Nicholson
Electronics Research Center
Rockwell International

3370 Miraloma Avenue
Anaheim, California

Dr. Michael J. Weaver
Department of Chemistry

Purdue University

West Lafayette, Indiana 47907

Or. R. David Rauh

EIC Laboratories, Inc.

111 Downey Street

Norwood, Massachusetts 02062

Dr. Aaron Wold

Department of Chemistry

Brown University

Providence, Rhode Island 02192

Dr. Martin Fleischmann
Department of Chemistry
University of Southampton
Southampton S09 5NH ENGLAND

Dr. R. A. Osteryoung
Department of Chemistry
State University of New York
Buffalo, New York 14214

Dr. Denton Elliott

Air Force Office of Scientific
Research

Bolling AFB

Washington, D.C. 20332

Dr. R. Nowak

Naval Research Laboratory
Code 6170

Washington, 0.C. 20375

Dr. D. F. Shriver
Department of Chemistry
Northwestern University
Evapston, I1linois 60201

+ Dr. Boris Cahan

Department of Chemistry
Case Western Reserve University
Cleveland, Ohio 44106




ol e e s e i aa ay |

DL/413/83/01
359/413-2
ABSTRACTS DISTRIBUTION LIST, 359/627
Dr. Robert Somoano Dr. Edward Fletcher
Jet Propulsion Laboratory Department of Mechanical Engineering
California Institute of Technology University of Minnesota
Pasadena, California 91103 Minneapolis, Minnesota 55455
Dr. Johann A. Joebst] Dr. John Fontanella

USA Mobility Equipment R&D Command Department of P TS
DRDME-EC U.S. Naval y
Fort Belvoir, Virginia 22060 S, Maryland 21402

Or. Judith H. Ambrus Dr. Martha Greenblatt

NASA Headquarters Department of Chemistry

M.S. RTS-6 Rutgers University

Washington, D.C. 20546 New Brunswick, New Jersey 08903

Dr. Albert R. Landgrebe Dr. John Wasson

U.S. Department of Energy Syntheco, Inc.

M.S. 6B025 Forrestal Building Rte 6 - Industrial Pike Road

Washington, D.C. 20595 Gastonia, North Carolina 28052

Dr. J. J. Brophy Dr. Walter Roth

Department of Physics Department of Physics

University of Utah : State University of New York

Salt Lake City, Utah 84112 Albany, New York 12222 N

Or. Charles Martin Dr. Anthony Sammells

Department of Chemistry Eltron Research Inc.

Texas A&M University 4260 Westbrook Drive, Suite 111

College Station, Texas 77843 Aurora, I1linois 60505

Dr. H. Tachikawa Dr. W. M. Risen

Department of Chemistry Department of Chemistry

Jackson State University Brown University

Jackson, Mississippi 39217 Providence, Rhode Island 02192

Dr. Theodore Beck Dr. C. A. Angell

Electrochemical Technology Corp. Department of Chemistry

3935 Leary Way N.W. Purdue University

Seattle, Washington 98107 West Lafayette, Indiana 47907

Or. Farrell Lytle Dr. Thomas Davis

Boeing Engineering and Polymer Science and Standards
Construction Engineers Division

P.0. Box 3707 National Bureau of Standards

Seattle, Washington 98124 Washington, D.C. 20234

Dr. Robert Gotscholl Ms. Wendy Parkhurst

U.S. Department of Energy Naval Surface Weapons Center R-33

MS G-226 Silver Spring, Maryland 20910

Washington, D.C. 20545




DRI S S AN
S eSO

Y e
Cath at i 8 S Y Ld

DTIC

-, -
LA "

-

L0




